Femtosecond laser pulses with focused intensity above the ionization threshold initially deposit energy homogeneously in fused silica. After many exposures this homogeneity can vanish, 1 producing beautifully arrayed nanometer-thick planar cracks throughout the focal volume. These are oriented perpendicular to the laser polarization and have a periodicity approximately half that of the laser wavelength in the medium. [2] [3] [4] These nanocracks have the largest aspect ratios (length-to-thickness ∼ 10 4 ) of any nanostructures created in a pure material using light, and can be placed and replaced inside glass with unprecedented control. 5 This allows them to be used in a variety of biophotonic and data storage applications as well as in the study of material fatigue.
The structures produced may be useful for a variety of applications, including lab-on-a-chip devices and optical storage of information.
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The planar nanocracks result from the continued irradiation and an inherent shot-to-shot memory in the material. 6 The precursors of the nanocracks are randomly distributed, transient nanoplasmas produced by ionization. The laser's electric field drives the growth, elongation and flattening of the nanoplasmas into nanoplanes and eventually nanocracks oriented perpendicular to the electric vector. 7 The self-imposed periodicity of the nanocracks arises from the allowed field distribution inside the irradiated volume filled with evolving plasma nanoplanes.
To produce nanocracks in fused silica, we use tightly focused femtosecond laser light at a wavelength of 800nm. After irradiation, we polish the samples and weakly etch them in hydrofluoric acid. this allows us to use a scanning electron microscope (SEM) to reveal their morphology, as illustrated in Figure 1 . Although the irradiated regions are only few microns wide, we have demonstrated that nanocracks arrayed in consec- utive passes can be stitched seamlessly into large bulk or surface nanopatterned areas. 8 
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voxel (top) and a re-written voxel with a different polarization (bottom). k: Laser propagation direction. E: Polarization direction.
We used selective chemical etching of the nanostructures to produce microchannels in fused silica. By controlling the orientation of the nanocracks, we can also control the etch rates. 2, 4 As shown in Figure 2 , channels with nanocracks aligned along the writing direction (top) etch nearly 100 times faster than those aligned perpendicularly (bottom).
We also use polarization control to create porous capillaries in glass. 9 These are useful for molecule separation and controllable leaks. Figure 3 shows an SEM image of some nanopores and the decay of a fluorescence signal from a Rhodamine 6G dye solution in the capillaries as evidence of nanofiltration of the dye molecules. Figure 4 presents SEM images of written (top) and rewritten (bottom) data voxels. High-contrast reading of the voxels in polarized light is based upon their inherent form birefringence and is performed with a low-intensity incoherent light source. We demonstrated 1,000 rewrites with little degradation in data readability. The voxels survive temperatures up to 1100
• C ,which makes fused silica glass a near ideal medium for ultra-durable, rewritable optical data storage. We are only just beginning to understand these nanocracks in glass, which are remarkable self-assembled nanostructures. Many more exciting applications will emerge in the years to come.
Author Information
Eli Simova, P. P. Rajeev, David M. Rayner, and Paul B. Corkum Steacie Institute for Molecular Sciences National Research Council of Canada Ottawa, Ontario, Canada Eli Simova is a Research Officer with the Steacie Institute for Molecular Sciences. Her current research focuses on the fundamentals and applications of femtosecond laser modification in dielectrics, ultra-fast high-intensity laser micromachining for integrated optics, and lab-on-a-chip devices.
